INTRODUCTION
The escape of hydrogen from the terrestrial atmosphere is an interesting and important problem because of its obvious relationship to the stability and evolution of the atmosphere [Chamberlain, 1963; Walker, 1977] , its possible connection with the rise of oxygen in the atmosphere [Berkner and Marshall, 1965; Kasting, 1979] , and its role in comparative planetology [Pollack and Yung, 1980 where bi is a binary collision parameter for molecular diffusion, Ha is the mean scale height of the atmosphere, and fi is the mixing ratio of total hydrogen (deuterium) at the homopause. From previous work we know that the limiting flux is attained by hydrogen. In this work we shall show that the limiting flux is also attained by deuterium.
The strategy of this paper is as follows. We create the most complete one-dimensional photochemical model to date for hydrogen and deuterium species in the middle atmosphere and the thermosphere. The model provides a re-containing radical species (H, OH, and HO2) and the more stable hydrogen-oxygen species (H2, H20, and H202) is presented by Allen et al. [1984] . We shall summarize here the Since much of the chemistry of deuterium species is similar to that for hydrogen, it will not be discussed in detail here. The reader is referred to a paper on hydrogen and deuterium escape from the Martian atmosphere by Yung et al., [1988] . A summary of the essential aspects of the model and results for hydrogen and deuterium are given in Table 3a .
There is a minor discrepancy between the altitude for the exobase (n = 4.7 x 107 cm-3; see Chamberlain and Hunten [1987] , for definition) computed in our model and that of Breig et al. [1987] . This discrepancy is caused by the way that the temperature profile (see Figure 2a) In the previous section we found that about 76% of the hydrogen escape and 100% of the deuterium escape in our model must be explained by nonthermal escape processes. In this section we examine some of the previously studied nonthermal escape processes in order to determine whether these well-known processes can account for the magnitude of the nonthermal escape flux required by our model.
Various nonthermal escape mechanisms have been studied extensively in the past two decades, and good reviews of some of the earlier ideas are given by Chamberlain [1963 Escape Velocity (cm s -1) for the 1974 AE-C orbits. This result is somewhat fortuitous, however. We used slightly different rate coefficients and density profiles than Maher and Tinsley. Our H + densities were lower for the most part, causing our calculation to be lower than theirs; on the other hand, our H + + O reaction rate was higher, causing our oxygen charge-exchange reaction to be more important than Maher and Tinsley realized and elevating our escape rate. In addition, Maher and Tinsley's values were normalized to 500 km, while ours were normalized to the surface.
Polar Wind
Protons and other ions cannot normally escape from the Earth's upper atmosphere because they are trapped by the magnetic field. At large magnetic latitudes, however, the field lines are open to the tail of the magnetosphere, and ions can rapidly escape along these field lines, in effect, creating a "polar wind" of escaping ions. Neutral hydrogen and deuterium in the upper atmosphere can be ionized by charge-exhange reactions and so can escape from the Earth at high magnetic latitudes.
The production of H + in the ionosphere is controlled by the charge-exchange reactions (R62) and (R63) ( Table lc) . These results show that the chaxge-exchange and polar wind mechanisms do not seem to account for the total required nonthermal escape flux (see Table 3b 
DISCUSSION
We will now briefly discuss the insight we have gained about the mechanisms of the escape of H and D from the terrestrial atmopshere and the implications for atmospheric evolution. At solar minimum, for which our model is appropriate, the escape of hydrogen is dominated by charge exchange with somewhat less contribution from thermal evaporation. Polar wind accounts for less than 20% of the total escape flux (see Table 3b 
